Using the Solar Dynamics Observatory observations, we study the evolution of an emerging active region (EAR) and its reconnection with the quiet Sun. The EAR continuously interacts with the surrounding quiet region, and dark ribbons at the boundary of the EAR and the quiet Sun are observed. The extreme-ultraviolet observations show that the regions swept by the dark ribbons are brightened and the temperature increases. These results reveal that there exists an uninterrupted magnetic reconnection between the EAR and the quiet region and the released energy heats the corona of the quiet Sun. The dark ribbons are suggested to correspond to the interface of the reconnected fields and the undisturbed ones. The dark ribbon propagates outward, and this phenomenon is considered as a dark wave.
Introduction
Magnetic reconnection which is a rearrangement of field topology is a fundamental physical process in conductive plasma. During the magnetic reconnection, magnetic energy is converted to the kinetic and thermal energy, which is responsible for solar flares and many types of outbursts (e.g., Yang et al. 2011; Zhang et al. 2013; Yang et al. 2014; Yang et al. 2015) . Free magnetic energy rapidly increases during flux emergence, and the coronal field develops a tangential discontinuity at the interface between the preexisting and newly emerged flux systems. On one side of the discontinuity, field lines have footpoints wholly within the preexisting flux system, and on the other side the lines wholly within the newly emerged system. When reconnection occurs, field lines from the two sides exchange footpoints, and new field lines connecting new to old flux are created. These new field lines retract and compress, adding kinetic and thermal energy to the plasma (Reeves et al. 2008; Guidoni & Longcope 2010) .
Rapid reconnection usually triggers a flare, and the observational features are flare ribbons, which are observed in either Hα or 1600Å data (Fletcher & Hudson 2001; Qiu 2009 ). In a flare, the flux transferring and resulting energy release typically take about 30∼60 min. If the energy released is insufficient, then the rate of reconnection cannot be determined from the flare ribbon expansion. A number of observational studies have suggested that reconnection is not directly associated with flares, especially in the quiet Sun (Schrijver et al. 1997) .
Recently, a quantitative measurement of the amount of the rate of reconnection (∼10 16 Mx s −1 ) during quiescent reconnection between an emerging flux bundle and the surrounding preexisting field has been reported (Tarr et al. 2014 ). There exists a basic question that at which condition reconnection occurs very rapidly, and at which condition the reconnection is more slowly. This fundamental question concerning magnetic reconnection will need to be addressed in details. When we check the Atmospheric Imaging Assembly (AIA; Lemen et al. 2012 ) movies day by day from the Solar Dynamics Observatory (SDO; Pesnell et al. 2012 ) website, we find a new phenomenon, i.e., emerging active regions (EARs) on the solar disk are always accompanied by extreme-ultraviolet (EUV) dark ribbons which propagate outward from the EARs . In the present paper, we study the interaction between an EAR and the quiet Sun, and the accompanied dark ribbons.
Observations and results
The SDO/AIA detects uninterruptedly the full disk of the Sun in 10 wavelengths at a 12-second cadence and a 0 .6 pixel −1 sampling. The data reflect different temperatures (from ∼5000 K to ∼20 MK) from the photosphere to the corona. The Helioseismic and Magnetic Imager (HMI; Scherrer et al. 2012 ) on board the SDO measures the Doppler velocity, line-of-sight (LOS) magnetic field, and vector magnetic field at the photosphere of the Sun. The data cover the full disk of the Sun with a spatial sampling of 0 .5 pixel −1 . The full disk LOS magnetograms are taken at a cadence of 45 seconds. The data used in this study were obtained from April 17 to April 23 in 2013.
On 2013 April 17, a dipole appeared at N13E35. Its magnetic flux grew evidently, and then the dipolar EAR was named as AR 11726 (see Fig. 1 ) on April 19. Emerging dimming ) appeared at 18:15 UT on 2013 April 18, and lasted almost 50 hours. This EAR continuously (last almost a hundred hours) interacted with the surrounding quiet Sun, resulting in dark ribbons (marked by the white arrows in Fig. 1 ) which first appeared around 21:16 UT on 2013 April 19 at the east interface of the EAR and the quiet Sun.
The area of the AR reached 1.1×10 4 Mm 2 , the total magnetic flux of the AR was 6.5×10 21 Mx, and the net magnetic flux was positive (6.6×10 20 Mx) ( Fig. 2A ). As the AR developed, the dark ribbons propagated outward, and the area encircled by the ribbons enlarged ( (Fig. 2B) ). At 02:00 UT on 2013 April 21, the area was 2.0×10 5 Mm 2 , about twenty times larger than that of the AR.
During the EAR developing, the region previously swept by the dark ribbon brightened up (Figs. 3A-C). At 13:30 UT on 2013 April 20, the dark ribbon (marked by the arrows in Fig. 3A ) was at the west boundary of the ringlike region (a partial coronal hole, outlined by closed red dashed curve). Almost 33 hours later (Fig. 3C) , the ringlike region had been swept by the dark ribbon. The EUV radiation became stronger in this region, and the partial coronal hole disappeared. The brightness increased by about 27%, although the magnetic flux did not change evidently during this period (Fig. 3E) . The mean temperature in the closed curve region swept by the dark ribbon increased by 23% (from 1.3 MK to 1.6 MK). Emission maps show that the density also increased evidently, e.g., the mean density in the closed curve region increased by 47% (from 1.7×10 26 cm −5 to 2.5×10 26 cm −5 ). It should be noted that the temperatures of the active region, the neighboring 188 B. Zhang et al. 193 Å 2013/04/20 13:30: quiet region, and the remote coronal hole are obtained with the differential emission measure (DEM) analysis method which is based on the "xrt dem iterative2.pro" in the Solar Software package (Cheng et al. 2012) . In this method, a DEM profile is guessed at first and then folded through the response of each wavelength, and thus produce predicted fluxes. To make sure the predicted fluxes are very close to the observed fluxes, we iterate this process using the Levenberg-Marguardt least-square minimization. It should be mentioned that we also interpolate the DEM profile using N-1 spline functions, representing the freedom degrees for N different wavelength observations. In this study it is based on the AIA observations in four lines (171Å, 193Å, 211Å, and 335Å), considering the lower temperature and density of the quiet region and coronal hole. The emission measure (EM) maps of the active region, quiet region, and coronal hole are also obtained with the DEM analysis method.
The dark ribbon can not be detected near 19:30 UT on 2013 April 23, when it met the boundary of another active region AR 11727. On the west of the EAR, another dark ribbon (denoted by arrows in Figs. 4A-B) propagated westward with speeds from 1.3 km s −1 to 1.7 km s −1 (Figs. 4C-E) . At the late phase of the EAR development, almost all the northern hemisphere of the visible disk was affected by the dark ribbon.
Conclusions and Discussion
With the SDO observations, we study the evolution of an EAR and its interaction with the quiet Sun. The EAR reconnects with the surrounding quiet Sun continuously, 190 B. Zhang et al. and dark ribbons at the boundary of the EAR and the quiet Sun are observed. The EUV observations show that the regions swept by the dark ribbons are brightened and the temperature increases. These results reveal that there exists an uninterrupted magnetic reconnection between the EAR and the quiet Sun and the released energy heats the corona of the quiet Sun. The dark ribbons are suggested to correspond to the interface of the reconnected fields and the undisturbed fields. Their propagating speed reflects the reconnection rate in some sense.
In this work, the magnetic reconnections between the EARs and the surrounding quiet Sun change the configuration of the quiet Sun fields systematically. The magnetic reconnections comb the quiet Sun fields, e.g., making the formerly arbitrary distributing magnetic fields regular distributing, thus the magnetic fields are arranged along specifically directions. Since both the plasma and the magnetic fields are frozen together, during the combing (magnetic reconnection) process, an instantaneous void region (where the magnetic strength is smaller and the plasma density is lower) appears between the combed fields and the uncombed ones, and EUV observations display that there exists a dark ribbon. As the reconnection develops, the peripheral fields reconnect in turn, subsequently new instantaneous void regions appear in turn also. The observations show that the dark ribbon propagates outward, and this phenomenon is considered as a dark wave.
